The aim of this study was to characterize the obesity effect on children knee and hip joint range of motion. A randomized controlled trial was performed with goniometry evaluation for hip flexion, extension, abduction, adduction, external and internal rotation, and knee flexion in fifty male children (20 obese and 30 non obese), with age ranging from 6 to 12 years old. The obesity effect was found to be non-uniform across the joint range of motion. In the obesity group, a statistically significant reduction in the range of motion of hip flexion and adduction, and knee flexion was observed; and also an increase in external rotation in the hip was observed. Conclusion: Obese and overweight children present alterations in hip and knee joints mobility when compared to eutrophic children. The obesity/overweight associated with factors previously described in the literature, such as joint overload, postural deviation and sedentariness may influence the musculoskeletal development and, consequently, the motor function.
Introduction
Obesity is defined as the excessive and generalized accumulation of fat in the subcutaneous tissue and in other tissues, and it may cause health damage [1] . Overweight is defined, according to the Obesity Latin-American Consensus, as a pre-obesity stage [2] .
Infantile obesity has become an epidemic proportion problem in North America and worldwide [3] . In Brazil, 16 .7% of the young population from 10 to 19 years old present excess of weight, and about 2% of the Brazilian adolescents were diagnosed as obese, according to the Brazilian Geography and Statistic Institute [4] . In the United States, the prevalence of overweight and obesity among children and adolescents from 6 to 19 years old is 31.5% [5] . In Australia, child and adolescent obese population range from 19% to 23% [6] [7] . Another research in Australia shows that the overweight and obesity prevalence doubled among youths from 7 to 15 years old [8] .
The obesity cause many health complications such as hypertension, cardiovascular diseases, diabetes mellitus, and mobility and joint injuries [9] , like osteoarthritis [10] . During childhood, the main risks are respiratory problems, triglyceride and cholesterol increase, and orthopedic disturbs [1] .
Obesity can reduce joint range of motion because the amount of adipose tissue can interpose and obstruct inter-segmental rotations [11] . Very few authors have shown the articular range of motion in obese adults and the results have shown a reduced articular range of motion for superior and inferior limbs and spine [11] - [13] .
There is no information about obese children range of motion and such understanding will elucidate the physical capabilities and facilitate the development of systems that comfortably accommodate these individuals, as well as the development of products, workplaces and allowing a reference for rehabilitation process.
The normal articular range of motion is important because it has to provide balance between mobility and stability. Both articular limitation and mobility excess can increase the vulnerability to distensions [14] . The reduction of range of motion decreases the articular movement and compromises the appropriate muscle recruitment and consequently, the balance and the gait [15] .
Among the orthopedic disturbs spine and lower limbs postural alterations are the most common during childhood and adolescence, when the musculoskeletal system is under development, which makes the human body more susceptible to deformations and mobility alterations [16] .
The clinical measurement of joint range of motion is an important issue in a musculoskeletal examination that allows the planning of a treatment program and the evaluation of a therapeutic intervention [17] [18] . When facing the health issue that is obesity and the relative scarceness of available information about joint mobility in children, the need to focus on the mechanical consequences of obesity is undeniable.
Very few studies have examined the joint range of motion of obese people [12] . To address this, the goal of this study was to assess the hip and knee articular ranges of motion of obese children, and to perform a comparison between these obese children and a control group of eutrophic children.
Methods
The study participants were randomly recruited. Thirty health children of a public state school of São Paulo were allocated in non-obese group and 20 obese or overweight children from the Movere Institute for Community Actions and from the Pediatrics Ambulatory of the University Hospital of the University of São Paulo were allocated in obese group. Male children from six to 12 years old composed both groups.
Children with joint hypermobility [19] , metabolic diseases [20] , musculoskeletal diseases [21] , neurological diseases [22] , lower limbs recent injury, and children who practice institutionalized sport or physical exercise [23] [24] in addition to the physical activity proposed by the school in a frequency greater than twice a week and/or greater than 3 hours per week were excluded from the sample.
Physical eligibility of study participants was assessed by a questionnaire containing all the exclusion criteria, which was developed by a licensed physical therapist.
Each child underwent a hypermobility test proposed by Beighton [25] , and all the children that scored 4 ore more, were excluded from the research.
All the subjects and their responsible were aware of the experimental procedures and signed an Informed Consent Initially, body height and weight were measured to calculate the body mass index (BMI). The BMI was calculated dividing the weight (in kilograms) by the square of the height (in meters) [1] [26] . Specific BMI were considered for each age. The BMI of obese or overweight children had to be above the 85 percentage of the BMI by age distribution graphic of the National Center of Health Statistics (NCHS) [27] , while for the group of eu-trophic children, the values had to be under the 85 percentage, represented by the cut points shown in the Table  1 . The participants body masses and heights were measured at the site of data collection.
After calculating the BMI, hip flexion, extension, abduction, adduction, external rotation, and internal rotation range of motion and knee flexion range of motion were measured. The articular range of motion was assessed by goniometric measurement in bilateral passive movement, performed according to Palmer and Epler [28] . The passive movement was performed until the subject refers discomfort or when compensatory movements occurred [29] .
Two assessors performed the evaluations and the measurements were correlated. Intra-assessor Reliability: The assessor number 1 performed the measurements of the 50 subjects twice, which were compared among them. Inter-assessor Reliability: The assessor number 2 performed the measurements of the 50 subjects once, which were compared with the measurements of the assessor number1 to obtain inter-assessor reliability [30] . The time interval among the three measures performed by the assessors was at least one week, and at last one month.
The reliability was measured by the intraclass correlation index (ICI). In the ICI, the values ranged from 0 to 1.0 [31] , with cut points above 0.75 that indicates good reliability, and under 0.75 indicating poor or moderate reliability [32] .
The following instruments were used: Carci ® goniometer, Pimaco ® spherical paper adhesives, metrical tape, Plena ® digital balance, and a portable cot. The mean and standard deviation were calculated for each movement of the obese children group and eutrophic children group (Microsoft Excel). The intra and inter-assessor reliability was obtained by the intraclass correlation index (SPSS for Windows).
To verify if there was a statistically significant difference between the body sides of the same group of subjects (dominance), the t-Test was used for dependent samples when the distribution was normal, and the Wilcoxon Test was used when the distribution was non-normal (Statistica).
To verify if there was statistically significant difference between the group of obese children and the group of eutrophic children, t-Test was used for the independent samples when the distribution was normal, and the Mann-Whitney Test was used when the distribution was non-normal (Statistica). The level of significance was established in 0.05.
Results
The characterization of age, weight, height and BMI of the subjects is in Table 2 . Obese children showed a mean age of nine years old and a mean BMI of 26 kg/cm 2 . In Table 3 are presented the intra and inter-assessors correlation indexes obtained during assessment of the children of non-obese and obese group, respectively. The reliability of the measures intra and inter the two assessors was good, with indexes above 0.75.
Both obese and non-obese children did not present statistically significant differences between right and left sides range of motion. The hip flexion, adduction, external rotation and knee flexion presented statistically significant difference between obese children and the control group. In the Table 4 are presented the passive hip and knee range of motion and the standard deviation of obese children and eutrophic group. The measures of the first assessment of the assessor number one were used randomly, whereas the reliability was considered excellent and, therefore, these measures are representative for the eutrophic and obese children groups. Obese children shown a reduced articular range of motion in hip flexion (p = 0.00), hip adduction (p = 0.00) and knee flexion (p = 0.00).
Discussion
This study investigated the obesity effect on children hip and knee range of motion based on data collected from a sample of 20 obese and 30 non-obese children. Our data show that obese children have significantly reduced range of motion in the hip flexion and adduction and knee flexion movements and increased range of motion in the hip external rotation movement. For the rest of motions, no significant obesity effect was found. The intra and inter-assessor reliability of the goniometric measurement was excellent.
There is no sense about how obesity affects mobility in children. In obese adults, range of motion limitation is present due to the excess of fat tissue that would interpose and mechanically obstruct intersegment rotations at body joints [11] - [13] [33] .
Gajdosik and Lusin [34] , and Gajdosik et al. [35] demonstrated that even complex movements can be measured in a reliable way, when the procedures of goniometry are appropriately controlled.
The assessment was conducted in a passive way whereas it provides the exact information about the articular surface integrity and about the joint capsule, ligaments and muscles extensibility [36] . The flexibility of a synovial joint is determined by factors such as the shape of articular surfaces, joint capsule and ligaments tension, and soft parts mass [37] .
However, to understand the mobility alteration, it is necessary to focus on obese population postural alterations. Alterations such as valgus knee and hip internal rotation are described in the literature [1] [38] . Due to an increased volume, the thighs would impose a separation of the lower limbs and an increase of the pelvic anteversion leading to an internal rotation of the hips and a hyperpression of the lateral compartments of the knees.
As an answer, occur a retard in the development of the lateral compartment and an exaggerated growth of the medial compartment, installing a valgus knee. Serra et al. [38] verified that 50% of the obese children present pathological valgus knee, with an intramalleolar distance greater than 10 cm. The hip internal rotation and the valgus knee, with consequent hip adduction, form a situation of joint instability, whereas for a major hip cooptation 3 elementary movements are needed: flexion of about 90˚, abduction and external rotation [38] [39] . The sedentariness of obese children can increase this instability, associated to probable muscle strength impairment [40] [41] . According to Ardle et al. [36] , the physical activity hypertrophies the ligaments and the conjunctive tissue, resulting in a muscle enlarging and strengthening, improving the proprioception and developing protecting reflex reactions, with consequent increase of the joint stability [7] .
The decrease of the muscle activity and strength, and the different muscle positioning can evoke an inappropriate muscle adaptation due to the instable movement. Thus, obese children could present a better range of motion of all instable movements of the hip (extension, internal rotation and adduction). However, only a decrease of the adduction was observed, which is a movement that, during the assessment, was promptly compensated by the pelvis and by the spine, probably a protective mechanism of this instability.
Another aspect to be considered is the action of ligaments located anteriorly in the hip: iliofemoral ligament (IFL), pubofemoral ligament (PFL) and ischiofemoral ligament (ISFL). These ligaments have inverse actions during hip rotational movements; IFL and PFL limit external rotation and ISFL limits internal rotation [28] . The posture in internal rotation of the hip described in the literature [1] [38] [39] impedes the ligaments, that limit the external rotation, to suffer the necessary tension for the increase of its transversal area, thus allowing a greater mobility in this movement. According to Cohen and Cohen [40] , the tension exerted on tendon and ligaments creates an amplification of its transversal areas in a way to restore the ideal deformation spot. Despite of this posture in internal rotation of hip also creates a shortening of the involved muscles, these muscles seems not to influence the mobility of external rotation of hip.
The great volume of muscle mass, and abdomen, thighs and legs adipose tissue could limit hip flexion and knee flexion movements. According to Kapandji [39] , the passive knee flexion movement is limited by the elastic contact of the muscle masses of the calf and the hip. The thighs areas, specially the backsides, are known to easily deposit fat and it is thought to be the main reason for the obesity associated range of motion reduction for the knee flexions [12] .
Aside from excess fat, reduced physical activity might also be a contributor to the observed range of motion limitations observed, as obesity is frequently associated with a lower level of physical activity [18] and physical inactivity can decrease body flexibility [31] .
Some limitations of the current study are described here alongside future research directions. The sample size in this study allowed statistical testing and characterization of the obesity effects on male children range of motion, but it was not large enough to generate statistics.
One of the limitations of this research is the fact that the subjects were not separated by race, and the reduced size of the sample. With regard to the race, the joint mobility is greater in individuals with Indian origin, fol-lowed by Africans, and, in last, the Caucasians [24] . However, it is difficult to separate the individuals in the Brazilian population whereas the major part of the population is a mixture of races, due to the huge ethnic diversity of Brazil.
Another limitation of the study is the union of obese and overweight children in the same experimental group. In future studies, other obesity categories, such as overweight obese group, should be considered to provide a more complete understanding of the obesity effect. The current study collected only male participant's range of motion data. Further research is needed to characterize the obesity effect on female children range of motion.
Conclusion
It was concluded that obese and overweight children present hip and knee joint mobility alterations when compared to eutrophic children. The hip flexion and adduction range of motion were decreased, and hip external rotation range of motion was increased. The obesity/overweight factor associated with other factors like joint overload, postural alterations and sedentariness can exert an influence on the musculoskeletal development and, consequently, on the range of motion. Thus, joint mobility alterations are presented as one of the risk factors of possible orthopedic problems.
